Isoantibodies to whole semen or epididymal spermatozoa of rabbits inhibit fertilization in vitro (Russo & Metz, 1974a ). This inhibition is attributed to a primary blocking of one or more sperm antigens essential for the sperm-egg interaction, and not to a secondary action (e.g. agglutination, complement-dependent immobilization), because univalent (Fab) antibody fragments, which do not agglutinate or immobilize spermatozoa, are also effective. Hyaluronidase, the sperm enzyme required for penetration of the cumulus surrounding the egg, could be one such sperm antigen. This possibility is supported by the fact that cumulus dispersion was inhibited in the experiments of Russo & Metz (1974a) and that hyaluronidase-inhibiting antibodies are present in isoantisera to rabbit semen (Metz, Seiguer & Castro, 1972) . It is necessary to employ antibody preparations specific for rabbit sperm hyaluronidase to examine critically the inhibition of fertilization by antihyaluronidase antibodies. We report here such inhibition of rabbit fertilization in vitro by Fab isoantibodies to purified rabbit sperm hyaluronidase.
Isoantibodies to whole semen or epididymal spermatozoa of rabbits inhibit fertilization in vitro (Russo & Metz, 1974a ). This inhibition is attributed to a primary blocking of one or more sperm antigens essential for the sperm-egg interaction, and not to a secondary action (e.g. agglutination, complement-dependent immobilization), because univalent (Fab) antibody fragments, which do not agglutinate or immobilize spermatozoa, are also effective. Hyaluronidase, the sperm enzyme required for penetration of the cumulus surrounding the egg, could be one such sperm antigen. This possibility is supported by the fact that cumulus dispersion was inhibited in the experiments of Russo & Metz (1974a) and that hyaluronidase-inhibiting antibodies are present in isoantisera to rabbit semen (Metz, Seiguer & Castro, 1972) . It is necessary to employ antibody preparations specific for rabbit sperm hyaluronidase to examine critically the inhibition of fertilization by antihyaluronidase antibodies. We report here such inhibition of rabbit fertilization in vitro by Fab isoantibodies to purified rabbit sperm hyaluronidase.
Methods
Hyaluronidase was purified from rabbit epididymides (Pel-Freez, Rogers, Arkansas). These were homogenized in batches of approximately 200-300 in 500 ml triton-X buffer (0-1 m-P04, 0-15 M-NaCl, 01 % Triton-X, pH 5-3) using a Waring-type blender. After further homogenization in a glass homogenizer the material was frozen and thawed (10 cycles) and centrifuged (10,000 g, 30 min, 4°C). The hyaluronidase in the supernatant was purified by a modification of the procedure of Borders & Raftery (1968) ; an initial precipitation with 50% saturated (NH4)2S04 was followed by DEAE chromatography. Hyaluronidase activity was determined by the turbidimetric (Tolksdorf, McCready, McCullough & Schwenk, 1949) or the N-acetylglucosamine (Aronson & Davidson, 1967) assay procedure. The purity of the hyaluronidase obtained was tested for some preparations by acryla¬ mide gel electrophoresis and immunodiffusion against isoantisera to whole semen of rabbits. The least pure hyaluronidase preparations (sp. act. 3600 turbidity reducing units/mg protein) used as immunizing antigens and so tested produced up to 6 protein-staining bands in acrylamide gel elec¬ trophoresis but only one precipitin band, which was identical to the band containing hyaluronidase activity in the acrylamide gel. It was therefore concluded that the hyaluronidase preparations were isoantigenically pure. Isoantisera were prepared by injecting virgin female rabbits of the New Zealand White breed once a week for 3-4 weeks with this isoantigenically pure hyaluronidase (0-2-0-46 mg in 0-5 ml phosphate-buffered saline emulsified in 0-5 ml complete Freund's adjuvant per injection). The isoantisera utilized from these rabbits strongly inhibited rabbit sperm hyaluronidase activity, and did not produce more than one precipitin band during immunodiffusion against concentrated sperm extract, or the immunizing antigen which was sometimes tested. These results are consistent with the monospecificity of the sera for rabbit sperm hyaluronidase. Controls included sera from the same rabbits before injection (Group II, Table 1 ) and sera from virgin female rabbits injected with Freund's adjuvant-saline emulsion alone (Group III).
The IgG fraction of pooled sera was prepared by DEAE chromatography and confirmed by immunodiffusion against specific goat antisera to rabbit IgG, IgM and IgA (Cappel Laboratories) and digested with papain (Sigma Chemical Co.) as described by Porter (1959) to produce Fab fragments. The preparations were subsequently passed through Sephadex G-75 to remove any undigested glo¬ bulin and the nonspecific cumulus-dispersing factor (Metz et al, 1972) and adjusted to 12 mg protein/ ml in phosphate-buffered saline. The Fab preparations were dialysed against the ovum culture me¬ dium lacking bovine serum albumin for 12 hr before the experiment.
Superovulation was induced by i.m. injection of 100 i.u. PMSG (Sigma) and 75 i.u. HCG (Ayerst) 3 days and 14 hr, respectively, before flushing the oviducts with culture medium to obtain eggs in cumulus (Brackett, 1969) . The culture medium was that described by Brackett & Williams (1968) except that sodium pyruvate was used instead of blood serum and streptomycin (25 mg/ml) was added.
Capacitated spermatozoa were obtained by flushing the uteri of virgin females 12 hr after artificial insemination (6 IO7 spermatozoa/rabbit) and 18 hr after injection with 75 i.u. HCG. The capaci¬ tated spermatozoa were centrifuged at about 500 g for 5 min and re-suspended in culture medium to concentration of 2 106/ml. Of this sperm suspension, 0-25 ml was mixed with 1 ml Fab antibody or control globulin to a final Fab protein concentration of 6 mg/ml. These sperm suspensions were in¬ cubated for 15 min, centrifuged (500 g, 5 min) re-suspended in 2 ml culture medium and finally added to 2 ml culture medium containing one or more cumulus masses. Strong motility of all residual sperm samples was confirmed following insemination in vitro.
After addition of treated spermatozoa, the culture dishes were flooded with paraffin oil, covered and incubated in a 5 % C02/air atmosphere. All (1972) , that inhibition of fer¬ tilization would result from failure of spermatozoa to penetrate the cumulus is consistent with the very limited cumulus-dispersing action of spermatozoa treated with Fab antibody (Table 1) even after incubation for 24 hr. However, low levels of excess Fab antihyaluronidase antibody were apparently carried into the culture media with the inseminating spermatozoa, and it is possible but unlikely that the antibody acted directly on the eggs. (Mancini, Alonso, Barquet, Alverez & Neminirovsky, 1964; Morton, 1975) . Some of this hyaluronidase is attached loosely to the sperm surface (O'Rand & Metz, 1974) , probably in equilibrium with free hyaluronidase (Swyer, 1947) , some is strongly bound to sperm membranes (unpublished), and most is presumably stored in the acrosome body itself. Approximately 50 % of the readily extractable hyaluronidase in living uncapacitated rabbit spermatozoa is accessible to inhibition by antibody (Metz et al, 1972) . The 'inaccessible' hyaluronidase is presumably acrosomal hyaluronidase, at least some of which is normally released during the acrosome reaction in the vicinity of the cumulus before sperm-egg interaction. Additional 'inaccessible' hyaluronidase may be bound to the inner acrosomal membrane. In this connection it would be interesting to know if capacitated, Fab antihyaluronidase IgG-treated spermatozoa undergo an acrosomal reaction in the cultures with concomitant release of inaccessible hyaluronidase. If'inaccessible' hyaluronidase was released in the present experiments it was evidently neutralized by excess Fab antihyaluronidase antibody.
Since antihyaluronidase antibodies inhibit fertilization in vitro of eggs from normal females, the reduced fertilizability in vitro of eggs from females isoimmunized with rabbit semen (Russo & Metz, 1974b) could result, at least in part, from antihyaluronidase isoantibodies carried over from the follicular fluid of the isoimmunized egg donor. Isoimmunization of female rabbits with purified rabbit sperm hyaluronidase should produce a reduction in fertility in vivo ('antifertility vaccine' effect) if a significant amount of antihyaluronidase antibody is present at the site of sperm-egg interaction and if the cumulus does not disperse spontaneously before death of the spermatozoa or ova in the female tract.
